Considering the deepening of electric power market reform, it is urgent to analyze the operation efficiency of the full voltage level of provincial power grids, of different cities. And then, to seek the cities with lower operation efficiency, which will give guidance to the accurate investment of power grids and enhance the comprehensive investment benefits. This paper established an evaluation model of full voltage level operation efficiency of provincial power grid, and an evaluation index system of sub-voltage level operation efficiency of provincial power grid. Using analytic hierarchy process (AHP), the weights of evaluation indexes have been determined, and the evaluation results of power grid operation efficiency in different cities have been obtained. Finally, according to the scores, the cities with low operation efficiency were determined, and the specific indices of the cities with low operation efficiency were analyzed to guide the investment planning of the power grid.
INTRODUCTION
With the gradual quality increase of national life, the power consumption of users is increasing with each passing day, the scale of the power grid is growing, and the investment scale of it is gradually expanding. In 2016, China`s National Development and Reform Commission and the State Energy Administration put forward the 13th Five-Year Plan for electric power development, which expounded the guiding ideology and basic principles of China's electric power development during the 13th Five-Year Plan period, and defined the main objectives and key tasks. In 2017, China's installed power generation capacity was 1777.08 million kW, an increase of 7.7% over the previous year. New infrastructure capacity of power generation was 13.118 million kW, an increase of 9.75 million kW over the previous year [1] [2] [3] .
Under the environment of gradual promotion of power market reform, power grid enterprises need to monitoring costs, improve precision investment efficiency, and try their best to meet the national electricity demand with the minimum investment. In order to accurately evaluate the power grid operation efficiency, realize precise investment, and improve the power grid operation efficiency. It is urgent to establish a set of scientific index system of operation efficiency of full voltage level, and to use it to find out the weak links of power grid operation. The operation efficiency of power grid is mainly embodied in the economy of power grid, reliability of power supply and power quality. Therefore, this paper established an evaluation model of full voltage level operation efficiency of provincial power grid, and evaluated the grid operation efficiency from two aspects, grid operation parameters and customer service quality. In the market environment, power grid enterprises play an indispensable role in reducing costs and improving efficiency [4] [5] [6] .
II. ESTABLISHMENT OF EVALUATION MODEL OF FULL VOLTAGE LEVEL OPERATION EFFICIENCY OF PROVINCIAL POWER GRID
This paper mainly evaluated the operation efficiency of full voltage level of power grid from two aspects, named operation parameters of power grid and customer service quality. In order to show the operation efficiency of a city's power grid in terms of power supply capacity, safety, economy and reliability, convertible power supply rate of distribution network, overload line ratio, and "N-1" passing rate were selected to be indices of grid operation parameters. Average power outage time, line loss rate, power supply reliability, and average household distribution transformer capacity were selected to be indices of customer service quality. See Figure 1 for the framework of the project.
FIGURE I. FRAMEWORK OF THE EVALUATION MODEL OF POWER GRID OPERATION EFFICIENCY

III. WEIGHT DETERMINATION AND SCORE CALCULATION
A. Standardization of Evaluation Indices
Dimensionless evaluation index system is the premise of index synthesis. The dimensionless index value is called the index evaluation value, and the dimensionless process is the process of changing the realistic value of the index into the evaluation value. Dimensionless method is used to eliminate the effect of original variable (index) dimension by using mathematical transformation. It also should be paid attention to the difference between positive and negative indicators on the overall goal in dimensionless process. For example, "N-1" passing rate, power supply reliability and other indices are positive indices, higher values mean better. Contrarily, indices such as average outage time, and line loss rate are negative indices, lower values mean better [7] .
In summary, the threshold method, which is one of the linear dimensionless method, is used to dimensionless the index by comparing the actual value of the index with the threshold value.
It assumes that there are m cities and n evaluation indices. X ij represents the index value of i city under j index.
For positive indices,
For negative indices, 
B. Determination of Weight
The Analytic Hierarchy Process (AHP) adopted in this paper, on the one hand, takes into account the subjective experience judgment of experts' scores; on the other hand, transforms the judgment of experts into mathematical model for calculating the quantity. Thus, the ratio of each index/each index level in the enterprise evaluation index can be calculated, and combining the analysis method with calculation will be very useful to explain the enterprise evaluation in each period.
The basic idea of Analytic Hierarchy Process (AHP) is to construct the problem hierarchically according to the goal of decision-making (as shown in figure 2 ). The target level is the highest one, the middle level is the criterion level, and the bottom level is the solution level [8, 9] . The weighting steps of the indices determined by the analytic hierarchy process are as follows. The former is slightly more important than the latter 5
1) To compare the indices with each other at the same level, using the numbers 1-9 and their reciprocal as scales to define the judgment matrix A, as it is shown in table I.
The former is more important than the latter 7
The former is much more important than the latter 9
The former is extremely more important than the latter 2,4,6,8
Represent the median value of the above adjacent judgments Reciprocal If the ratio of factor i to factor j is aij, then the ratio of factor j to factor i is aji = 1 / aij.
2) Calculation of consistency ratio and check-up of consistency
λmax--the maximum eigenvalue of judgment matrix A n--the order of judgment matrix A The values of RI are shown in Table II Advances in Intelligent Systems Research, volume 165 When CR<0.10, it is considered that the consistency of judgment matrix is acceptable for the project, otherwise it should be adjusted slightly.
3) Calculation of W--weight vector
The method used for calculate W of AHP is eigenvector method, and the W will be multiplied by judgment matrix A, that is max AW W   (5) C. Calculation of Final Score By superimposing the quantitative values of each index and the according weights of each index of a certain city, the scores of the local power grid operation efficiency can be obtained. In (7) , it assumes that there are n indices,
Where Wj is the weight of index j, Xj is the quantitative value of this index of the certain city, f is the score.
IV. CASE STUDY
Taking one province in China as an example, this paper shows the operation efficiency of power grids in 18 cities of the province in 2017.
A. Standardization of Evaluation Indices
According to (1) and (2), each index value can be obtained, as shown in Figure 3 . Figure 3 shows the performance of various indices of each city. The average household distribution transformer capacity, line loss rate and "N-1" passing rate for city 1 ranks the first place, but the average power outage time of customers is longer. The overload line ratio and the household average distribution transformer capacity of city 5 are relatively small, while it is in medium level of other indices.
B. Determination of Weight
Analytic Hierarchy Process (AHP) is used to calculate the benefits, the improvement of resource and the potential development of indices according to (6) , as well as the weights. The results are shown in table 3.
From Table III , it can be seen that the weight of customer service quality index is higher than that of power grid operation parameters on the whole. The power supply reliability takes the largest part, and the N-1 passing rate takes the smallest part. 
C. Calculation of Score
After determining the weights of each index, calculation has been done for the scores of each city according to formula (6) . Thus, the performance of the power grid of each city in terms of operation efficiency can be obtained. The results are shown in Fig. IV . Figure IV , it can be seen that the score of city1 is the highest, and the scores of City 6, 7, 12 and 14 are also at a higher level. That is to say, the grid operation efficiency of these cities is better. However, the lowest score of city 18 represents the lowest grid operation efficiency among all. In addition, the grid operation efficiency scores of city 2 and 16 are.
V. CONCLUSION
In order to accurately evaluate the operation efficiency of regional power grids and realize precise investment, this paper establishes a set of operation efficiency index system for full voltage level power grid. Firstly, a set of reasonable indices are selected to reflect the efficiency of power grid operation, then the index weight is determined by Analytic Hierarchy Process (AHP), and finally the score of each region is calculated.
Finally, the case study shows that the proposed evaluation model is practical and helpful to guide grid investment and improve grid operation efficiency.
